We present integrated optomechanical transducers with exposed tips and demonstrate ultrahigh force sensitivity and large bandwidth. The transducer is implemented as an atomic force microscope probe in the contact mode and nanoscale resolution is demonstrated. Cavity optomechanics [1] has attracted great attention in recent years and reached milestones of cooling a mechanical oscillator down to quantum ground state [2, 3] . The quantum-limited sensitivity of mechanical motion may lead to important application in the field of atomic force microscopy (AFM) [4, 5] . Cavity optomechanics also enables more efficient transduction of nanoscale cantilevers with dimensions smaller than the wavelength of the laser, because cavity optomechanics utilizes the near-field coupling and is thereby not limited by the diffraction. In contrast, far-field optical transduction schemes, such as beam deflection and laser interferometry, become ineffective due to the diffraction limitation. Moreover, a proper-designed nanoscale cantilever is advantageous in many aspects, for example, smaller footprint, higher resolution, and higher scanning rates. Therefore, a fully integrated optomechanical transducer is a promising candidate for the next-generation AFM probe.
image is originated mostly from excessive detection noise mainly from the mechanical vibration rather than the surface roughness. We plan to implement the optomechanical probe in a more stable AFM to solve this problem. To conclude, we demonstrate a fully-integrated optical transducer as an AFM probe in the contact mode. The resonant frequency is 4.2 MHz, higher than typical AFM cantilevers. With quality factors in the order of tens in ambient conditions, it offers large bandwidth which is especially useful in detecting force dynamics between the surface and the probe. It also potentially allows a fast scanning rate, while the current scanning rate is limited by the piezo scanner. Flexibility in the cantilever design allows a large range of the resonant frequency (from 200 kHz to 110 MHz) and the spring constant (from 0.01 N/m to 290 N/m) [6] . Future development of on-chip electrostatic, thermal or other actuations will enable dynamic AFM modes. Nanoscale resolution has been achieved in the scanned image. However, in order to achieve the atomic resolution, the fabrication and detection schemes need to be improved.
